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Given the overtime decline in rail freight volumes in emerging economies, this review explores key 
measurable innovations, in rail freight transportation that have improved rail logistics efficiency in developed 
countries. A systematic approach was used in this review to select and extract data from published journal 
articles. Journal articles included were only those that showed and reported impact of key innovations on 
various rail freight efficiency outcomes. There are 4 (four) innovation clusters namely; i.) investment; ii.) 
operational management; iii.) policy and or regulatory framework; and iv.) technology and automation. These 
clusters were reported to have a positive impact on rail freight efficiency measures including transport costs, 
routing, rolling stock rotation and real-time dispatching, customer satisfaction, rail freight infrastructure and 
improved railway safety. This article highlights that opportunities exist to implement various innovations in 
emerging countries. However, the success of these innovations, in improving rail freight efficiency, is 
dependent on context and evidence-driven assessments of the challenges related to rail freight operational 
efficiency in the different emerging economies. Additionally, governmental commitment to implementation of 
sound policies and strong collaboration with various stakeholders, including the private sector, is required to 
successfully implement innovations and improve rail freight efficiency. 
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1. INTRODUCTION 
The competitiveness of economies is driven by the effectiveness of transportation systems. 
A country’s transport infrastructure namely, roads, ports and railways have traditionally 
created an unmatched country-level competitive advantage by enhancing access to local, 
regional and international markets for businesses (Chi & Baek 2013; Marazzo, Scherre & 
NM PISA Innovations to improve Rail Freight efficiency: 
Considerations for Emerging Economies 
 
 
Journal of Contemporary Management 
DHET accredited 
ISSN 1815-7440 
Volume 18 Issue 1 
2021 
Pages 223-242 
Page 2  
 
Fernandes 2010; Palei 2015; Saidi, Kattan, Jayasinghe, Hettiaratchi & Taron 2018). 
Developed economies have superior transport infrastructure and regulatory frameworks that 
promote and ease up business processes (Palei 2015). On the contrary, investment in 
transport infrastructure in emerging economies is lagging therefore resulting in old and 
inefficient infrastructure that increase business costs (Deng 2013). Rioja (2003) found that 
public infrastructure is 36% less efficient in developing Latin American countries compared 
to that of industrialised countries resulting in Gross Domestic Product (GDP) losses of 40% 
in the long run. Business and country competitiveness depends on innovative and cost-
effective approaches to deliver raw materials and finished goods to manufacturing sites and 
last-mile delivery facilities (Maparu & Mazumder 2017).  
In most countries, freight transport exerts an influence on competitiveness, growth and 
profitability. Competitiveness is in turn influenced by the effectiveness of freight operations in 
delivering goods (Arvis, Ojala, Shepherd, Saslavsky, Busch & Raj 2014). The effective and 
efficient movement of goods and services stimulates economic growth, through spill over-
effects in increased demand of inputs and enables businesses to maximise on just in time 
production, thereby minimising the inventory holding costs. In addition, efficient and effective 
freight transport lowers transport costs for businesses and increases profit margins. 
However, businesses and countries are increasingly putting in place strategies to shift freight 
from road to rail and to minimise the environmental impact of the transport sector. In 2012, 
the International Energy Agency (IEA) (2012) showed significant increases in road 
transport’s share of energy consumption in China, India and South Africa, while the energy 
consumption of rail transport decreased for these three (3) countries in the same year. A 
similar trend was observed in 2019 with road transport’s share of emissions increasing three 
(3) and four (4) fold for China and India respectively (IEA 2019). Rail is recognised as having 
the least environmental impact in terms of greenhouse gas emissions. Compared to air and 
road transport, rail transport has a smaller carbon footprint as it utilises lower levels of fuel 
particularly over longer distances. In addition, rail transport is cheaper than road transport for 
conveying freight over long distances. However, an imbalance in the volumes of freight 
conveyed exists, as the majority of goods are transported by way of roads in numerous 
countries. In 2018 the International Transport Forum (ITF) (2018) noted that the volumes of 
freight conveyed by rail grew in Russia, the United States of America (USA) and Europe 
while similar patterns were observed for road transport in emerging economies.  
Globally, the deregulation of road transport as early as the 1960s facilitated innovations in 
the road freight industry that improved the capacity of freight vehicles. On the contrary low 
levels of rail infrastructure investment coupled with poor management of the railways 
resulted in major inefficiencies namely delays, lack of cargo security and limited accessibility 
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of the rail network due to its terminal bound nature (Pelz 2018). Lack of investment 
particularly in rail terminals, marshalling yards and public and private sidings caused cargo 
delays and tends to occur at those places which are often overlooked as key infrastructure. 
Consequently, a massive shift of freight from rail to road has resulted in significantly higher 
proportions of freight being transported by road. Recognising the need for effective and 
efficient freight transport systems, several governments have adopted modal shift strategies 
to shift freight from road to rail over the last three (3) decades, for example, Britain, the US 
and various European Union countries (Blauwens, Vandaele, Van de Voorde, Vernimmen & 
Witlox 2006; Jensen & Sterling 2007; Tsamboulas, Vrenken & Lekka 2007). Developed 
countries were the pioneers of modal shift strategies. These modal shift strategies have 
been geared to revitalise rail freight systems through various forms of investment targeted 
towards updating old infrastructure and locomotives (Bontekoning & Priemus 2004; Elbert & 
Seikowsky 2017; Szyliowicz 2003). Successes of the modal shift strategies of the US and 
Europe have been the stimulus for emerging economies including sub-Saharan African 
railways, to adopt similar approaches to revitalise rail freight transport (Runji 2015).  
The significant capital intensive nature of rail and the associated risk resulted in government 
ownership of infrastructure and rolling stock (Kessides 2004; Thompson 2003; Zoeteman 
2001). As a result, modal shift strategies require substantial capital outlays particularly for 
infrastructure and rolling stock (Asmild, Holvad, Hougaard & Kronborg 2009). Due to lack of 
investments in the rail freight transportation sector over time, rail is not the major conveyor of 
freight in most countries as it lacks efficiencies in delivery time, delivery price, tonnage 
transported and security. Road transportation is the leading mode of transport, and key 
innovations and investments are needed in the rail sector so that it remains a competitive 
option for various businesses. Governments of emerging economies must divert significant 
capital from other national priorities in order to improve the efficiency of the rail freight 
system. However, in many cases the availability of these funds is limited and or the modal 
shift strategy ranks lower than other national priorities resulting in the need for innovative 
approaches to improve the existing rail freight systems and country level competitiveness 
(Runji 2015). 
This article explores and provides an opinion discussion on the key measurable innovations, 
including investments, in rail freight transportation that have improved rail and business 
efficiency globally and proposes future considerations needed for rail freight improvements 
in emerging economies.  
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2. PROBLEM STATEMENT AND OBJECTIVE 
The aim of this review was to identify key measurable innovations that have been 
implemented in developed countries to improve rail freight efficiency. Rail freight in emerging 
economies is inefficient as evidenced by the business decline in the rail freight industry and 
dominance of road transport. Additionally, the lack of studies outlining the successes of new 
innovations in revitalising rail in emerging economies indicates a gap in empirical evidence 
and highlights the need for a study to investigate future considerations for the improvement 
of rail freight in emerging economies. 
3. METHODS 
A systematic approach was used in this review to select and extract data from journal 
articles published after the year 2000. Articles were sourced from the academic search 
ultimate and science direct databases. Global journal articles included were only those that 
showed and reported the impact of key innovations on various rail freight outcomes. The 
following key words were used interchangeably with the terms rail freight transport; 
innovation, development, efficiency, productivity, and cargo security. The articles had to 
meet a predefined inclusion criterion as indicated below:  
(i) Journal articles published after the year 2000; 
(ii) Journal articles published in English; 
(iii) Articles that illustrated the impact of innovations in rail freight or developments in rail 
freight or the future of rail freight transport on rail freight efficiency or rail freight 
productivity; and 
(iv) Any study design. 
4. DEFINITION OF TERMS 
Rail freight innovation: Non-traditional solution implemented in the field of rail, with the aim 
of improving efficiencies, and ultimately costs that is technological solutions human resource 
training, among others. 
Rail innovation outcomes: Rail delivery time, Rail delivery price, tonnage transported, 
security, railway management models, routing and scheduling optimisation, intermodal 
solutions, accessibility and regulation. 
Impact of rail innovation: Any measurable outcome that is associated with the 
implementation of a specific rail innovation using any study design. 
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Rail infrastructure: Includes both physical rail infrastructure such as rail tracks, rail 
terminals, marshalling yards, rail sidings, containers and technological systems.  
Rail business models: Any innovations related to the operational management of rail 
freight, including systems and models. 
5.  RESULTS  
Table 1 summarises the studies published in journals, demonstrating the impact of various 
key innovations on rail freight related outcomes. A total of 16 journal articles were extracted. 
The results are presented by the following innovative clusters in rail freight, namely (i) 
investment; (ii) operational management (iii) policy and or regulatory framework and (iv) 
technology and automation. In the case of investment, the results show that investment in 
new infrastructure particularly, new freight corridors and new tunnels have led to 
improvements in rail freight operational performance (Woodburn 2017). In particular, routing, 
scheduling, and train punctuality improved with investment in new infrastructure. In addition, 
investment in longer trains was shown to reduce transport costs by approximately 5 to 10% 
for shippers (Bergqvist & Behrends 2011). Investments in rolling stock, particularly longer 
intermodal trains were found to improve the competitiveness of rail freight transport through 
lower operational costs. The average internal and full costs for longer intermodal freight 
trains (LIFTs) were found to be lower than conventional trains indicating a potential 
competitive advantage over conventional trains (Janic 2008). 
Reported innovations in operational management included optimised routing, rolling stock 
rotation and real-time dispatching. The application of mathematical modelling and 
optimisation techniques on the afore-mentioned rail freight activities resulted in efficiency 
improvements in planning and operation of rail freight transport (Borndörfer, Klug, 
Lamorgese, Mannino, Reuther & Schlechte  2017). Additionally, the use of multimodal 
containers and innovative handling technologies were found to improve the efficiency of rail 
freight operations associated with multimodal ocean transport (Wagner 2014). 
The results highlight that innovative and dynamic organisational capabilities in the areas of 
information sharing with customers (information related to shipments en-route) improved 
transport operators’ profitability as well as customer satisfaction (Lun, Shang, Lai & Cheng. 
2015). In addition, collaborations between universities, industry and government were shown 
to be effective in promoting innovations in rail freight. In particular, a sandbox approach to 
pilot innovative approaches to improve rail freight efficiency was found to be effective 
(Verlinde & Macharis 2016). The industry or rail freight transport operator developed and 
tested an innovation. Collaboration with the government facilitated the development of a 
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regulatory framework to enable the operation of the innovation, while the university partners 
monitored and evaluated the innovation (Verlinde & Macharis 2016). 
Policies and regulations were identified as the third category of innovations associated with 
improvements in rail freight efficiency or productivity. The study found that project-related 
legal frameworks simplified contracts associated with innovative rail freight investment and 
improved transparency and governance (Fabbri 2019). Vertical separation as a form of 
deregulation of rail freight was found to increase the levels of competition and to improve the 
cost-efficiency of Swedish rail (Jensen & Sterling 2007). Another form of deregulation 
identified in existing studies was concessioning. The provision of incentives to promote 
competition through concessioning was found to improve efficiency for standard gauge track 
commodities (Marchettie & Wanke 2017). Similarly, subsidisation of intermodal transport 
operations was shown to improve rail freight productivity as the volumes of freight conveyed 
by intermodal transport increased (Santos, Limbourg & Carreira 2015). In addition, Cowie 
(2015) found that privatisation resulted in increased intermodal rail freight volumes and 
increased competition in the market from new entrants. 
Technology and automation, the fourth cluster of innovations in rail freight can be a cost-
effective approach to address the freight mobility constraints and improve efficiency. The 
results showed that individual electric powered wagons were operationally more efficient, 
particularly for long-distance high-value cargo (Zunder & Islam 2018). In addition, the use of 
radio frequency identification (RFID) technology with e-Maintenance cloud systems were 
shown to provide greater control of the train carriages, making it easier to plan resources 
(Kour, Karim, Parida & Kumar 2014). Similarly, the use of drones and RFID tracking were 
shown to improve railway safety (Hell & Varga 2018) 
Table 1: Description of studies examining the impact of various 
innovations on rail freight outcomes 
Author  Country Design Rail related innovations Results/ Outcomes 
Jensen and 
Sterling (2007) 
Sweden Review Vertical separation between 
infrastructure service provision 
and the operation of trains 
Vertical separation resulted 
in (i) initially increased costs 
(ii) increased competition 
and resultantly lowers costs. 
(iii) the combined effect is an 
overall improvement in cost 
efficiency  
Janic (2008) Europe Quantitative, 
analytical model 
Long intermodal freight trains 
(LIFTS) as an innovative and 
more efficient system 
(i) Internal and full costs for 
LIFTs and conventional 
intermodal freight trains 
(CIFTs) decrease more than 
proportionally as door to 
door distance increases (ii) 
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Author  Country Design Rail related innovations Results/ Outcomes 
the average internal and full 
costs were lower for LIFTs 
indicating potential 









Use of longer intermodal trains (i) 5-10% reduction in costs 
for shippers (ii) Increased 
probability for mode shift (iii) 
Reduction in environmental 







Review (i) Multimodal operation of 
ocean carriers (ii) Innovative 
handling technologies for non-
crane able trainers a (iii) 
Freight corridors for long 
distance intermodal transport 
The identified innovative 
concepts improved 
intermodal transport and 
accelerated the shift of 
freight from road to rail. 
Kour et al. 
(2014) 
N/A  Review Radio frequency identification 
(RFID) technology with e-
Maintenance cloud system 
RFID and drones provide 
greater control of the train 








and cost models 
Application of dynamic choice 
and dynamic cost models to 
forecast future modal splits 
Modelled the evolution of 
modal split of the transport 
system. 
Lun et al. 
(2015) 
Taiwan Quantitative - 
cross sectional 
(i) Static capabilities (Ii) 
Dynamic capabilities (Iii) 
Creative capabilities 
Improved freight transport 
operators' profitability and 
customer satisfaction 






freight model  
Innovative policies namely (i) 
Subsidising intermodal 
transport operations (ii) 
Internalising external costs (iii) 
System perspective when 
optimising the location of 
inland intermodal terminals. 
(i) Significant increase in 
freight volumes transported 
by intermodal transport, (ii) 




Cowie (2015) Britain Quantitative, 
translog cost 
function 
Privatisation of rail freight (i) Privatisation resulted in 
moderate increases in rail 
freight carriage and the 
provision of intermodal 
services (ii) New entrants to 
the industry few and has 
stagnated 
Verlinde et al. 
(2016) 
Belgium Review Collaboration and cooperation 
between universities-industry 
and government in test new 
innovations to improve urban 
freight transport 
Industry's innovative ideas 
where tested, the 
government provided 
temporary regulatory 
framework and financial 
support to test the trials 
while researchers monitored 




N/A  Review; 
mathematical 
(i) Train routing optimisation 
(ii) rolling stock rotation 
(i) Improved efficiencies in 
planning and operations. 
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Author  Country Design Rail related innovations Results/ Outcomes 
modelling 
 






New rail infrastructure   Operational performance 
namely routing, scheduled 
journey times and train 
punctuality improved 
although not as significantly 









Introduction of incentive to 
promote competition through  
concessioning of rail freight 
operations 
(i) Concessioning improved 
efficiency for broad gauge 
track commodities transport 
and not for share 
infrastructure operations 
Hell and Varga 
(2018) 
N/A  Review (i) Drones (ii) RFID tracking Use of drones and RFID 
improved railway safety 
Zunder and 
Islam (2018) 
Europe  Qualitative 
online survey 
(i) Electrical power supply to 
individual wagons (ii) 
Management and functionality 
of terminals (iii) Business 
planning 
(i) Improved operational 
efficiency of rail freight 
services for long distance 





Project related legal 
framework 
(i) Modified legal framework 
simplified contracts and 
links, management and 
transparency, clearer and 
better governance. (ii) Fair 
and flexible contract model 
permitted parties to handle 
all contingencies and also 
efficient project financing 
and organisation led the 
successful completion of the 
tunnel. 
6.  DISCUSSION 
This current article is arguably the first to explore and provide an opinion discussion on the 
key measurable innovations, including investments, in rail freight transportation that have 
improved rail and business efficiency globally and to propose future considerations needed 
for rail freight in emerging economies. The article offers a platform for a broader stakeholder 
engagement that includes both private and public stakeholders, to deliberate upon and rank 
the innovations and interventions that will provide the most significant return on investment 
and efficiency improvements to rail freight transport.  
Data as presented, illustrate a positive association and or the direct impact of various 
interventions and innovations on rail freight service efficiency. Below, selected key 
characteristics of rail freight transport; the shortcomings and or gaps; needs and existing 
opportunities (not exhaustive) within the context of emerging economies, for rail freight 
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transport are discussed. Additionally, where applicable, the article highlights the pre-
conditions needed for the innovations to succeed.  
Cargo security: Long-distance rail freight is primarily dedicated to bulk materials and 
commodities. As regards derived demand for rail freight, imported-high value goods tend to 
be transported using road freight transport. In order to stimulate the shift of high-value freight 
from road to rail significant improvements in cargo security are required. This can be in the 
form of containerisation and effective en-route security. One of the main concerns regarding 
rail freight is cargo security. Cargo is prone to theft on-route and particularly at signalling 
stations. In particular, the conveyance of cargo in open wagons makes rail freight vulnerable 
to weather elements, theft and pilferage. Improvements in cargo security can be achieved 
through real-time tracking and sensors installed on containers (Fokum, Frost, Kuehnhausen, 
Depardo, Oguna & Searl 2010). Folinas (2019) found evidence of improved cargo security in 
the form of reduced unauthorised access resulting from the use of sensors and systems that 
track and report data on the contents and physical location of the containers (also known as 
smart containers). For example, the port of Virginia, in the USA, moves 34% of its containers 
through intermodal rail (Ashe 2019). Increases of 0.4% in rail freight volumes were reported 
in the first quarter of 2019 in the port of Virginia in the USA as a result of increased container 
traffic and the associated cargo security (Ashe 2019). It is expected that rail traffic in the port 
of Virginia, will increase by 8.4% owing to increased security, reduced terminal congestion 
and shorter transit times attributed to rail efficiency and containerisation (Ashe 2019). In 
addition, the risk of cargo theft in rail transport are associated with long waiting times at 
unguarded level crossings as the unattended cargo is vulnerable to theft especially in open 
wagons. Tokhirov (2020) found that the introduction of security measures namely guards at 
crossing terminals and technology such as the V21 system application that reduces the 
waiting time at level crossing can improve the levels of rail cargo security and increase the 
volumes of freight conveyed by rail improved cargo security will thus enable the conveyance 
of high-value goods which currently do not use rail. 
Intermodal transport: Accepting the operational flexibility as well as security limitations of 
rail freight transport justifies the growing trend of intermodal transport. Intermodal rail/road 
transport provides complementary door-to-door services that rail services do not provide. 
Growth in rail freight volumes has been shown to be strongly associated with improvements 
in intermodal transport. Larson (2013) found that intermodal transport experienced 
significant growth and was the second-largest source of rail freight volumes in the USA. This 
illustrates that intermodal transport is a key determinant of increases in rail freight volumes 
conveyed. Additionally, the regulatory environment should allow and support such market-
driven innovations as is demonstrated in the United Kingdom (UK) and the USA. In the USA 
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a strong positive association was found between the partial deregulation of rail transport and 
the growth in intermodal transport (Monios & Lambert 2013). Ballis and Golias (2002) found 
that innovations in optimising rail-road freight terminals namely, the terminal configuration 
was dependent on cargo volumes and the functionality of sidings or trans-shipment track 
sub-systems indicating that system wide considerations of the rail transport value chain have 
to be made for innovations to be effective. In the UK, the adoption of automated European 
Union transhipment systems to transfer cargo from road to rail vehicles as well as the use of 
autonomous rail vehicles has increased the last mile delivery capabilities of rail transport and 
improved the modes’ competitiveness relative to road transport (Paddeu, Calvert, Clark & 
Parkhurst 2019).  
Rail gauge: The rail gauge is another limiting factor to the implementation of innovations to 
improve rail productivity and efficiency. Emerging countries such as South Africa, Thailand, 
Malaysia and Taiwan have narrow gauge rail networks. Narrow gauge rail networks 
comprise rail tracks of 1 067mm compared to the standard gauge which ranges from 1 435 
mm to 1 676mm (Bruno 2004; Rail Working Group 2009). The standard track gauge permits 
the use of wider rolling stock, and high speed rail as it is more stable compared to the 
narrow gauge (Hearsch 2000). The narrow gauge limits the innovations that can be adopted 
to improve efficiency of the current rail system. The existing narrow gauge limits the adoption 
of double stacking LIFTs which have been successfully tested and implemented in Europe. 
However, the pre-conditions for the successful implementation of LIFTs namely (i) 
compactness of trains to ensure delivery time and cost efficiencies and (ii) significant freight 
demand to support frequent and regular trips (Zunder & Islam 2018). Existing studies show 
crude and varying estimates of the costs of converting the narrow gauge into a standard 
gauge in different countries. A 2003 study found that the cost to convert 4000km of narrow 
gauge into standard gauge in Thailand would cost US$4 billion (Rail Working Group 2009). 
In 2006 it was reported that the cost of converting 1010km of narrow gauge rail into standard 
gauge was estimated to be US$8.3 billion (Rail Working Group 2009). In contrast, the costs 
associated with converting the narrow gauge into a standard gauge to support the 
construction of the high speed passenger rail services in South Africa was estimated to be 
12.5% higher than extending the existing narrow gauge (Rail Working Group 2009)2001). 
This being the case future research should be directed to quantifying accurately the capital 
requirements of upgrading narrow-gauge rail systems to enable policy-makers and potential 
investors to make informed decisions when assessing the feasibility of such investments. 
For example, in South Africa, key considerations regarding upgrading the rail gauge and 
double staking, would be (i) the cost to modify the overhead equipment to accommodate 
double-stacked containers on flat freight wagons (ii) infrastructure investment in standard 
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gauge to accommodate these wider and higher trains and (iii) investment in new tunnels as 
the size of existing tunnels become a major consideration. Furthermore, evidence on the 
effectiveness of innovative approaches to optimising existing infrastructure such as cargo 
hitching (Van Duin, Wiegmans, Lavasszy, Hendriks & He 2019) integrating passenger and 
freight transport; new tunnel to segregate passenger and freight traffic (Woodburn 2017) 
investment in new rail corridors (Dedik, Gasparik, Zahumenska, Luptak & Hrebicek 2018) is 
needed to guide future policy decisions. 
Deregulation: The deregulation of rail freight is another consideration for inefficient 
nationalised rail operations. Evidence has shown both positive and negative associations 
between private participation in rail freight transport and the efficiency of the system (Cowie 
2015; Friebel, Ivaldi & Vibes 2003; Oum, Waters & Yu 1999; Pittman 2007; Winston 2006; 
Woodburn 2012). In particular, the participation of the private sector in rail freight 
infrastructure investment could provide the necessary funding to improve the efficiency of 
the mode. Evidence from Britain supports the notion that privatisation supports new entrants 
into the rail freight market, results in productivity improvements and reduction in shipping 
costs (Cowie 2015; Woodburn 2012). Furthermore, evidence from Britain and the USA, on 
rail deregulations shows considerable growth in freight volumes and the development of 
intermodal transport (Office of Rail and Road (ORR) 2014; Association of American 
Railroads (AAR) 2013; Department for Transport (Dft) 2013). Deregulation of the ownership 
and operation or management of rail freight should be considered as an option to improve 
the efficiency of the mode (Cowie 2015). The introduction of competition into the market has 
been shown to improve efficiencies and to eliminate inefficiency. New entrants, and in 
particular foreign firms to the rail freight transport can facilitate technological and skills 
transfer that is needed to improve the current rail system. Evidence of privatisation from 
Britain and the USA particularly of long haul rail freight resulted in falling shipping costs for 
intermodal transport (Cowie 2015; Woodburn 2012). In the USA, deregulation and the 
promulgation of the Staggers Act liberalised rail to compete against road without a 
government prescribed price cap. The Act deregulated prices, contracts and rates of price 
increases of rail freight operations by the Interstate Commerce Commission and opened up 
the market to competition which allowed rail operators to offer competitive services (Rose, 
Seely & Barrett 2006). The deregulation of USA rail resulted in the prices declining, the 
industry becoming cost effective and profitable (Miljkovic 2001).  
Private-public partnerships in rail investment should be explored as an option to fund 
infrastructure and rolling stock (Bitzan & Wilson 2007; Monios & Lambert 2013). Private 
sector investment has been shown to yield higher rates of return and is likely to be allocated 
in the most efficient investment option. Secondly, vertical separation should be considered in 
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the management and operation of rail freight services. This would enable both private and 
public sector businesses to independently own infrastructure and operate rail freight 
transport services and enable productivity improvements. Van De Velde, Nash, Smith, 
Mizutani, Uranishi, Lijesen and Zschoche (2012) found evidence of both positive and 
negative impacts of vertical integration on cost efficiency. Wiegmans and Donders (2007) 
found evidence of increased productivity among EU rail freight companies. In particular, the 
study found that over time EU rail freight companies reduced inputs, namely employees, 
locomotives and railcars with resultant partial productivity improvements in performance.  
Similarly, Growitsch and Wetzel (2009) found evidence of improved railways efficiency 
particularly, economies of scope, among integrated European railways. Similarly, later 
studies on the impact of privatisation of British rail found that the privatisation of the 
infrastructure was not as successful as anticipated for. The government has reclaimed the 
“ownership’ to ensure that the network is not neglected and merely exploited by landlords 
that follow a harvest strategy rather than a strategy of longevity and creativity that would 
optimise the symbiotic relationship between rolling stock and the permanent way. It should 
be noted that the European or British examples of privatisation may not be appropriate for 
emerging economies. In fact, timing is the paramount consideration. Depending on the stage 
of economic development of a country and the dominant political and cultural ethos, a 
particular model may or may not be appropriate owing to differing contexts.  
Route optimisation: Investigations should be conducted into the efficiency of the existing 
routes of rail freight transport. In the USA and Russia, the average length of a haul (ALH) is 
well above the economic ALH of truckers. In the case of South Africa, for example, the cut-
off distance is approximately 550 km which is the same as the average consignments 
distance for the road. This makes road and rail head-on competitors. In the USA the ALH is 
about 700 miles which is about 1127 km giving rail a distinct edge over there. Additionally, 
route optimisation should be investigated between the major dry and wet ports. Rail linkages 
with neighbouring countries could increase regional linkages and economic activity. Regional 
rail corridors linking neighbouring countries are largely non-existent in Africa for example. 
The European Commission and the US have invested significantly in corridors to enhance 
international rail connectivity through the establishment of new corridors (Cowie 2015; Dedik 
et al. 2018). Evidence from existing studies shows that new investment in new corridors 
shortens delivery times and improves the efficiency of rail freight transport. However, 
significant improvements in port inefficiency would also be required to increase the overall 
efficiency of the logistics systems. This is because investment in new rail corridors without 
improvements in port efficiency will result in trains arriving at the port faster only to stand idle 
for longer. 
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Technology and automation: As indicated, the innovations identified in Table 1 are not 
exhaustive. Digital solutions and automation have the potential to leapfrog productivity and 
efficiency improvements in rail freight operations and management. Innovations such as 
automated driving, cloud-based signalling, intelligent transport management, enhanced 
network communications (e.g. GSM-R), network planning and scheduling, automated 
loading and unloading should be explored to understand the potential impacts on rail freight 
operations and management (Pelz 2018; Roney 2018). For example, the adoption of digital 
signalling systems by the Freight Technologies Group: Network Rail as well as the rail 
operations on the Thameslink and Crossrail routes in the UK yielded reductions in the 
signalling equipment required and operational costs consequently leading to improved 
network capacity and rail competitiveness (European Rail Traffic Management System 
2014). The effective implementation of digital solutions and automation however, require 
advanced information technology systems and information exchange across the value chain 
(Pelz 2018). Demand-modelling techniques are becoming more important for forward looking 
freight rail services operators that plan a schedule-based rail services and that can meet the 
regularly estimated demand. Provision is usually made in the schedule to activate or cancel 
trains due to unplanned occurrences. 
Locomotives: Key innovations in energy use and axle mass will have major impacts on the 
future development of railways. Firstly, advances in the use of energy for propulsion of 
locomotives, in particular, hydrogen and other fuel cells are in an advanced stage of 
development and are poised to revolutionise the manner in which rail freight is moved. Most 
developed countries have electrified the diesel powered lines as a strategy to improve 
energy efficiency and to reduce carbon emissions. Empirical evidence on the adoption of 
hydrogen trains in mainline freight is limited to developed countries. As a result, existing 
literature mainly consists of feasibility studies on the use of this new technology for example 
the study of Zenith, Isaac, Hoffrichter, Thomassen, and Møller-Holst (2019) on Norway and 
the USA. Maglev is still very costly to install but it has almost limitless potential as an 
environmentally friendly propulsion method. A second major technology thrust is the effort to 
increase axle mass which will improve the carrying capacity of freight wagons. Engineers are 
innovating all the time to improve the quality of rail infrastructure through the use of better 
materials, a better understanding of the interplay between rail wheels and rail track and last 
but not least a whole range of real-time monitoring systems to improve safety and do 
preventative maintenance. 
Infrastructure investment: Prioritisation and optimisation of existing infrastructure is critical 
for emerging economies given that new infrastructure requires significant capital. Otsuka 
Gunther, Tosoni and Braun (2017) identified priorities in infrastructure development which 
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are of vital consideration for emerging economies. Firstly, maintenance of existing rail 
networks is critical to ensure reliability and availability of service. Secondly, increased rail 
freight capacity is essential to support modal shifts of freight from road to rail. Thirdly, 
improved spatial quality on existing lines is essential in servicing urban areas where rail 
fright is not optimised. China is an example of a country that has been investing in transport 
infrastructure, including rail freight infrastructure, since the 1990s. To this end investment in 
transport infrastructure, including rail freight infrastructure, have resulted in connectivity 
(local and regional), eased up distribution of raw materials and finished goods and promoted 
economic growth and integration (Qin 2016). 
7.  CONCLUSION 
This review explored key measurable innovations, in rail freight transportation that have 
improved rail logistics efficiency in developed countries and proposes future considerations 
for emerging economies to improve rail freight efficiency. To achieve the greatest impact in 
relation to the above-mentioned interventions and innovations globally, the key important 
step is having the correct contextual or situational and country-specific assessments of the 
key barriers and needs. This should be in view of other national competing interests or 
priorities and a balanced approach should always be maintained. This ultimately suggests 
that a long-term strategy is more likely to be effective and milestones should be achieved in 
stages. Stronger collaboration between government and the private sector are needed. A 
data-driven contextual approach, particularly transport modelling, should be used in 
prioritising and ranking key innovations and interventions taking into account the effects of 
global developments and innovations in logistics systems on the structure of rail freight 
transport. This should be followed by effective and dynamic monitoring as well as continuous 
assessment and evaluation of the interventions’ impact. This cost-effective precision 
approach will allow for interventions that are having the most impact to be scaled up and 
those that are not, to be terminated or re-engineered.  
It should be noted that the emphasis of innovative modal shift strategies should be on rail-
friendly cargo that bulk and container cargo and less on fast-moving consumer goods 
(FMCG) and perishables and products owing to the size of consignments of the latter. 
Recent studies, particularly in Australia have indicated that the size of rail consignments is 
an essential factor in achieving cost competitiveness of rail. Many small consignments on 
one train are much more expensive to ship than trainloads consisting of single consignments 
or large block loads. Additionally, the cost of collecting freight from multiple clients to build 
one trainload is obviously much higher than having a full trainload from a single client to a 
single destination. 
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The main precursor for success for the above-mentioned strategies with the reflected time 
period will depend on emerging economies’ ability to implement data-driven innovations and 
interventions. This should be coupled with near to real time monitoring, evaluation and re-
engineering of innovations based on whether the impact is demonstrated on key measures 
of rail freight productivity and efficiency. Additionally, policy-makers have a key role to play, 
including collaborating with various stakeholders and adapting transport policy to facilitate 
the implementation of innovations in rail freight transport. The key strength of this review is 
that it includes global data that suggests innovations that have a direct impact on rail 
efficiency. However, the studies presented are not exhaustive and more studies specific to 
emerging economies are needed to explore the impact of the past and on-going 
interventions being implemented to improve rail outcomes.  
8.  IMPLICATIONS FOR MANAGERIAL PRACTICE 
In order to achieve the short term, low capital intensive benefits of utilising rail freight, supply 
chain professionals in emerging countries should collaborate with partners in the global 
supply chain to expedite the adoption of innovations in the rail freight. For example, by 
collaborating with international suppliers, firms in emerging economies can formulate 
shipping arrangements that require international shipments to be conveyed in containers 
fitted with sensors and systems that track and report data on the contents and physical 
location of the containers thus making cargo more secure. Once landed in the destination 
port in emerging countries, the sensor fitted containers can convey high value cargo through 
in land rail transport, resulting in lower transport costs and higher profitability. Governments 
in emerging economies should explore long term policy shifts in rail infrastructure investment 
and management to include private sector participation as a strategy to improve rail 
efficiency. 
9.  CONTRIBUTION TO SCHOLARLY KNOWLEDGE 
The article focused on innovations that have been empirically tested to demonstrate their 
impact on rail freight transport efficiency and productivity. Although the innovations identified 
are not exhaustive, this study provides insights into alternative and in some cases, lower 
capital-intensive innovations that can be implemented to improve rail freight efficiency. 
Varying requirements exist for effective rail freight revitalisation for emerging economies. If 
new technology and other innovations can unearth ways to lower the handling cost of freight 
wagons in the aggregation and de-aggregation process at terminals and marshalling yards, it 
will go a long way towards increasing the ability of rail to compete. The article offers a 
platform for a broader stakeholder engagement that includes both private and public 
stakeholders, to deliberate and rank the innovations and interventions that will provide the 
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biggest return on investment and efficiency improvements to rail freight transport. This article 
highlights that some new technologies and other innovations can improve rail freight 
efficiency and should be considered in policy formulation on rail revitalisation strategies in 
emerging economies.  
Highlights:  
• The need for innovative interventions and approaches is of paramount importance, 
particularly for emerging economies to revitalise and improve rail freight transport 
efficiency. 
• The 4 (four) innovation clusters namely investment; operational management; policy 
and or regulatory framework and; technology and automation were reported to have 
a positive impact on rail freight efficiency 
• This study provides insights into alternative, and in some cases, lower capital-
intensive innovations that can be implemented to improve rail freight efficiency and 
that should be considered in policy formulation on rail revitalisation strategies in 
emerging economies. These include sensor fitted containers for conveying high value 
cargo amongst others. 
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